Introduction
The effectiveness of pulmonary rehabilitation (PR) for patients with COPD has been extensively demonstrated, 1-3 regardless of the place in which it is performed, in hospital, in an outpatient clinic, or at home. This is true, provided the requirements of this global management program are observed, in combination with exercise conditioning, therapeutic patient education (TPE), and self-management. Outpatient programs are usually proposed, and few studies have been performed on home-based management, [4] [5] [6] although its shortterm effectiveness has been demonstrated in comparison with standard management 4, 5 or outpatient PR. 4, [7] [8] [9] The effectiveness of home-based rehabilitation has also been demonstrated in cystic fibrosis 10 and in the context of cardiac rehabilitation. 11 The benefits of outpatient or inpatient PR are not always maintained in the long term (12-24 months). 3, 12 Various long-term physical exercise maintenance programs (monthly Dovepress Dovepress 2038 grosbois et al or weekly sessions, telephone contacts) have demonstrated a significant difference only for exercise capacity at 6 months (but not at 12 months) and no difference in terms of quality of life at 6 months and 12 months. 13 Some authors 14 have reported better quality of life at 18 months for the group of patients receiving home-based PR (local rehabilitation structure) compared to patients managed by outpatient PR.
The present study conducted in the Northern part of France reports the results of a retrospective observational routine clinical practice study of home-based rehabilitation management of all patients with COPD referred by their pulmonologist. We formulated the hypothesis that home-based management was safe and effective in terms of exercise capacity, quality of life, and anxiety/depression, and that the results would be maintained at 6 months and 12 months.
Patients and methods Patients
The 8-week home-based PR program was proposed to 226 patients with COPD between January 2010 and December 2013 because of disabling dyspnea experienced during activities of daily living, and out of them, 211 patients performed the PR program ( Figure 1 ). The patient gave his or her written consent and chose home-based management on the basis of personal preference and/or the absence of a local PR center. Exclusion criteria were dementia or poorly controlled psychiatric illness, neurological sequelae, or bone and joint diseases preventing physical activity. Patients with diffuse interstitial lung disease (ILD) or lung cancer currently treated by chemotherapy or radiotherapy and the most severely ill patients who had completed a 6-week home-based program with electrostimulation were not included in this study. Patients receiving oxygen therapy and/or noninvasive ventilation (NIV) and/or with multiple stable comorbidities were able to be included in the rehabilitation program. All data were collected prospectively and were entered into our rehabilitation and TPE-computerized medical records. The Comité d'Evaluation des Protocoles de Recherche Observationnelle (CEPRO) (observational research protocol evaluation committee) of the Société de Pneumologie de Langue Française (French Language Society of Pulmonology) (CEPRO 2011-036) examined this project and approved analysis of the data collected from these patients.
Type of management
Individual home-based management consisted of 90-minute sessions once a week for 8 weeks, based on an educational needs assessment, and comprising exercise conditioning and resumption of physical activities of daily living, therapeutic patient education, and psychosocial support. Each weekly session was conducted under the direct supervision of a team member (nurses, a sports instructor, a dietician, a medical beautician, and a pulmonologist), while patients continued physical exercises on their own on the other days of the week, according to a personalized action plan. The assessments (exercise capacity, anxiety and depression, and quality of life) were all performed at home before and after the PR program and then again at 6 months and 12 months. Patients were encouraged using motivational interviewings to maintain the lifestyle changes developed during the program on their own and in the long term. Follow-up home visits at 6 months and 12 months were also performed to analyze any difficulties encountered and to showcase improvements and to reinforce motivation, for both the patients and the spouses or caregivers who were frequently presented.
PR program Therapeutic education program
Before starting the rehabilitation program, an educational needs assessment was systematically performed according to the National Health Authority recommendations 2 at the International Journal of COPD 2015:10 submit your manuscript | www.dovepress.com
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home-based pulmonary rehabilitation in COPD patient's home to evaluate the patient's needs, motivation, and difficulties to any necessary health behavior changes, as well as his/her short-term, medium-term, and long-term life projects to give a real meaning to the PR program. Depending on the patient's needs, the therapeutic education program addressed the following subjects: respiratory diseases and comorbidities (diabetes, cardiovascular diseases, obesity, depression, anxiety), treatments (drugs and inhalor devices), prevention and recognition of exacerbations, physical exercise, outings, sleep, sexuality, breathing management, stress management, balanced diet and weight control, smoking cessation, self-image, self-esteem, etc. This program was individually performed at each visit (usually in the presence of the patient's spouse or caregiver) by interactive presentations, questions and answers, card games, and the use of an illustrated folder. The patient was given patient-validated therapeutic education forms adapted to each session.
self-management
Particular attention was paid to the psychological, behavioral, and motivational approach stages of motivation, 15, 16 and stages of acceptance of the disease. Motivational interviewings were designed to help patients increase their intrinsic motivation and, by investigating the ambivalence of some of their harmful health behaviors, help them find solutions to implement favorable health behavior changes. 15 The objectives of this self-management program [17] [18] [19] [20] were to individually negotiate with each patient the necessary favorable health behavior changes, especially concerning treatment adhesion (drugs and devices), physical exercise, smoking and alcohol cessation, balanced diet, self-esteem, self-image, and stress management.
exercise conditioning program
The target conditioning heart rate was determined on a functional exercise test or electrocardiogram (ECG) stress test performed by the patient's referring pulmonologist before inclusion in the program. The exercise conditioning program was conducted under oxygen, with a flow rate adjusted to obtain an SpO 2 .90% for patients on long-term oxygen therapy (LTOT). Individual exercise bike endurance exercises (Domyos VM 200, Decathlon ® , Villeneuve-d'Ascq, France) were performed at the target heart rate monitored by a heart rate monitor ([CW Kalenji 100, Decathlon ® , Villeneuve-d'Ascq, France] which was returned at the fourth week to avoid any medical constraints), with determination of SpO 2 by a pulse oximeter (Nonin Oxymontre 3100, Nonin, Plymouth, USA) at each weekly visit. In most cases, this endurance training was initially performed by 10-minute sequences (or sometimes shorter sequences for the most severely ill patients) optimally adapted to the patient's physical capacities, at least 5 days per week, by trying to achieve 30-45 minutes of exercise, in one or several sessions, during the program. Exercise intensity was progressively adjusted to the target heart rate, and the patient learnt at the same time how to manage the intensity of this exercise depending on the ventilatory threshold, generally corresponding to a score between 4 and 6 (on the Borg 0-10 scale) or a perceived exertion score between 11 and 13 (on the Borg 6-20 scale). A personalized action plan was proposed after discussion with the patient to continue home exercises on the other days of the week. The patient was encouraged to increase the duration of his/her activities of daily living (outings, shopping, walking, home repairs, etc) until the ventilatory threshold, possibly supervised by the rehabilitation professional at the weekly visit. Three daily upper and lower limb muscle strengthening exercises were systematically proposed (with instructions sheets), for 10-15 minutes per day, using weights and dumbbells (0.5 kg or 1 kg) and/or Elastiband ® elastic bands. Each exercise comprised a series of ten repeated movements. A 1-minute recovery period was observed between exercises. Finally, warming-up and stretching exercises were also recommended, together with balance exercises whenever necessary. During the program, the patient was encouraged to record on a diary all of the physical activities performed during the week, allowing evaluation and positive reinforcement of the actions. Throughout the program, the team emphasized the need for long-term continuation of physical activities integrated into daily living and endurance training and activities chosen by the patient according to his/ her preferences and local possibilities.
accident protocol
The PR agreement handed over to the patient before PR included an accident protocol. An accident was defined as death, hospitalization, or an emergency care requirement for heart or orthopedic disease during the 8 weeks of PR. The patient and/or the therapist could declare accidents occurrence. Patients were asked to interrupt all physical activities in case of any abnormal sensation, especially chest or joint pain and to contact both the rehabilitation team and the attending physician. by the patient's referring pulmonologist to eliminate any cardiovascular contraindications to exercise conditioning and to define a target heart rate, which corresponded to the heart rate observed at the ventilatory threshold or 50% of the maximum power observed.
The subsequent assessments of exercise capacity, anxiety, depression, and quality of life were all performed at home, at the beginning and at the end of the PR program and again 6 months and 12 months after completion of the program, by the PR team. The 6-minute stepper test (6MST, Go Sport stepping machine) [21] [22] [23] was used to analyze the number of steps performed in 6 minutes, with the same instructions as those used for the 6-minute walk test (6MWT). Monitoring by a pulse oximeter (Nonin Oxymontre 3100) assessed heart rate and oxygen saturation (SpO 2 ) each minute. This test was performed under oxygen in patients receiving LTOT for their lung disease, at the recommended flow rate to obtain an SpO 2 .90%. The Timed Up and Go (TUG), 24 ten times sit-to-stand test (10STS), 25 and 6MST were used to measure the exercise capacity. The patient's perceived dyspnea and tiredness of the lower limbs were scored on a Borg 0-10 scale at the end of each of the three tests. 26 Mood was assessed by the Hospital Anxiety and Depression (HAD) 27 questionnaire. Quality of life was assessed by means of three questionnaires. The Visual Simplified Respiratory Questionnaire (VSRQ) 28 comprised eight visual analog scales ranging from 0 to 10, with a total score ranging from 0 to 80. A higher score indicated better quality of life. The minimal clinically important difference (MCID) was 3.4 points. 28 The Maugeri Respiratory Failure 28 (MRF 28) questionnaire, specific to patients with lung disease treated by LTOT and/or NIV, comprised 28 questions 29 with a total score ranging from 0% to 100%. A higher score indicated less favorable quality of life. This questionnaire was chosen because of the large population of patients receiving home ventilatory support. The MCID is unknown. The VQ11 comprised 11 items with five levels of response and three components: functional, psychological, and relational (as well as a global component, not included in calculation of the score). 30 A higher score indicated less favorable quality of life. The MCID is unknown.
Finally, the reasons for withdrawal from the PR program or absence of assessment at 6 months and 12 months were also recorded.
statistical analysis
Continuous variables were expressed as mean ± standard deviation. Qualitative variables were expressed as frequencies or percentages. The normal distribution of continuous variables was tested by the Shapiro-Wilk test. Analysis of variance with repeated measures or a paired Wilcoxon test was used to analyze the time course of the various parameters according to the normal or nonnormal distribution. Post hoc analyses using the Bonferroni procedure were performed. Statistical analysis was performed with SAS 9.3 software (SAS Institute Inc., Cary, NC, USA, NC 25513). A P-value ,0.05 was considered statistically significant.
Results
The main patient characteristics are summarized in Table 1 . The distribution of GOLD stages of obstructive ventilatory disorder was as follows: 26.5% stage 2, 41.2% stage 3, 31.3% stage 4; 70.7% of patients received home ventilatory support (LTOT and/or NIV and/or continuous positive airway pressure); 75.7% of patients presented three or more comorbidities. The main comorbidities were cardiovascular disease (hypertensive and ischemic heart disease, arrhythmia, and peripheral artery disease), metabolic diseases (obesity, type 2 diabetes, hypothyroidism), rheumatological diseases (osteoporosis, osteoarthritis), and anxiety and depression. Finally, 18.6% of patients had a BMI ,20 kg/m 2 , and 26.2% of patients had a BMI .30 kg/m 2 . 
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home-based pulmonary rehabilitation in COPD Neither accident nor cardiovascular or orthopedic incident due to exercise conditioning was reported during the program.
The results of assessments of exercise capacity (6MST, TUG, 10STS), mood (HAD), and quality of life (VSRQ, MRF 28, VQ11) are summarized in Table 2 . A significant improvement was observed for all parameters studied before and after the PR program.
Six months after the program, all these parameters remained significantly improved, except for TUG in comparison with baseline values. At 6 months, the HAD Anxiety score (P,0.01) and the VQ11 score (P,0.01) were significantly improved in comparison with post PR values. There was no significant variation of the other parameters between the values of post PR and 6 months. The 12-month assessment showed persistence of a significant improvement of quality of life, anxiety and depression, and the 6MST in comparison with baseline values. There was no statistically significant difference between post PR and 12 months. The results of the three quality of life questionnaires and the HAD score deteriorated and were statistically significant between 6 months and 12 months (P,0.05). Dyspnea, but not leg tiredness, evaluated on a Borg 0-10 scale at the end of the 6MST (4.7±1.9), was significantly improved at the three assessments, respectively, 4.2±1.8 (P,0.01) after PR, 4.1±1.8 (P,0.01) at 6 months, and 4.6±1.6 (P,0.05) at 12 months compared with baseline.
Discussion
This retrospective, observational, clinical trial, conducted in the context of everyday clinical practice in unselected patients with COPD managed by home-based PR, demonstrates that the improvement of exercise capacity, mood, and quality of life observed in the short term was maintained at the 6-month and 12-month assessments.
safety of home-based Pr
As previously reported, 4, 5, 8 the present study confirms that exercise conditioning (exercise bike, walking, climbing stairs, etc) can be safely performed in these patients with COPD with no active cardiovascular disease when the prescription of exercise intensity is based on target heart rate and ventilatory threshold.
exercise conditioning in home-based exercise Pr
Direct weekly supervision of exercise conditioning at the patient's home improved short-term exercise capacity whether exercise conditioning was performed with an exercise bike 14, 31, 32 or by walking outdoors. 7 The pragmatic approach of this program integrated exercise bike conditioning, walking, climbing stairs, and, right from the start of the PR program, resumption of physical activities of daily living (housework, home repairs, gardening, outings, shopping, etc) according to a personalized action plan established in collaboration with the patient. Sewell et al showed that the integration of endurance training into the physical activities of daily living during the outpatient PR program was as effective as conventional peripheral upper and lower limb muscle strengthening, 33 as confirmed by the results of our study. Similarly, review of randomized controlled trials in COPD confirms the efficacy of endurance or resistance training with the use of minimal equipment, a factor that may facilitate home exercises and long-term maintenance of the results. 34 As patients with severe COPD are known to perform their activities of daily living in the form of short sequences, the objective of PR could be to increase the frequency rather than the duration of these sequences. 35 Action plans based on daily activities-combined PR lead home-managed patients to integrate exercise into real life, favoring a long-term efficacy of the program. Patients who maintained regular walking at 24 months reported better quality of life and achieved longer walking distances on the 6MWT. 36 On long-term follow-up, the benefits of PR tended to decrease at 6 months and 12 months, with sometimes better results for quality of life. 3 A systematic review of seven randomized controlled trials on the effects of supervised exercise conditioning versus usual follow-up revealed a better exercise capacity at 6 months, but not 12 months for supervised patients, with no significant difference in terms of quality of life. 13 The present study demonstrates that an individual approach immediately integrating home-based therapeutic education is feasible and is able to meet the needs of the patient and his/her family in terms of educational objectives and life projects by using adapted tools. However, this approach is only meaningful when it is part of a global approach including self-management 19 and a motivational approach. 15 A metaanalysis 37 has demonstrated the short-term and long-term (1 year) efficacy of motivational interviewing for various health behaviors, with more marked efficacy when interviews are individually and repeatedly performed. Self-management, which comprises medical and behavioral support, life-role support, and emotional support, has been shown to be useful in patients with COPD in terms of improvement of dyspnea and quality of life and decreased hospitalization rates for respiratory problems. 18, 20, 38 Active involvement of the spouse and/or caregiver in the very great majority of sessions and the home-based nature of the program, which modifies the patient-carer relationship are probably major determinants in the implementation and follow-up of favorable health behavior changes, 39 which needs to be studied in more detail in subsequent studies.
exercise assessment
The efficacy of this PR program was assessed by means of field evaluation tests performed in the patient's home. The 6MST 21 is easy to perform, reproducible, sensitive, and less cumbersome than the 6MWT, which cannot be performed at home. The number of steps on the 6MST is correlated with the distance covered on the 6MWT in patients with chronic respiratory diseases 40 or ILD. 22 A previous study shows that improvement of exercise capacity, analyzed by the number of steps on the 6MST before and after program, was identical in the two groups of chronic respiratory insufficiency patients managed by either home-based or outpatient PR. 40 This confirms that exercise conditioning is effective in both a rehabilitation center or at home provided the prescribed exercise is adapted in terms of intensity (target heart rate or ventilatory threshold), frequency (three to five times per week), and duration (30-45 minutes in one or several sessions). [1] [2] [3] 35 This study also shows that the 6MST is a useful field test for the assessment of short-term and long-term exercise capacity. The proposed MCID of 40 steps 41 was observed at each of the three assessments.
The TUG test has been proposed for the assessment of frail elderly subjects, 24 and its value for assessment following a cardiac rehabilitation program has been demonstrated. 42 Various chair stand tests have been validated for use in adults. 25 The five times sit-to-stand test has been validated in patients with COPD, with a significant improvement after outpatient PR and a MCID of 1.7 seconds. 43 In the present study, the results of the TUG test and 10STS in this population of patients with COPD were improved at the end of the program, but not at long-term follow-up.
assessment of mood and quality of life
Anxiety and depression are frequently present in patients with COPD, 44 where they are associated with a lesser exercise capacity and quality of life. 3 Improvement in the HAD score is generally observed following PR. [1] [2] [3] [45] [46] [47] [48] Anxiety and depression worsen dyspnea and reduce performance in COPD. 49 The long-term positive impact of home-based PR on anxiety and depression might break down the vicious circle between negative emotions, unpleasant respiratory sensations, and poor exercise performance.
Quality of life assessment is an essential component of PR programs. The most commonly used quality of life questionnaires specific to respiratory diseases are CRQ 50 and SGRQ. 51 However, these questionnaires are too long to be applied in routine clinical practice. Shorter questionnaires have been developed, including COPD Assessment Test, 52 VSRQ, 28 and VQ11. 30 The present study demonstrated a significant improvement, over a 1-year horizon, of quality of life as assessed by means of a total VSRQ score higher than the MCID of 3.4 points and the three dimensions of the VQ11 (functional, psychological, relational). Interestingly, the MRF 28 was also improved in this population of patients with severe COPD, 70.7% of whom were treated by NIV and/or LTOT.
Limitations
This was a retrospective, observational, routine clinical practice study. Patients were not randomized, and the decision to perform home-based PR was dependent on the patient's personal preferences and/or the distance between the patient's home and the PR center. However, this situation corresponds to the problems encountered in everyday practice by physicians wishing to prescribe and patients wishing to enter in a International Journal of COPD 2015:10 submit your manuscript | www.dovepress.com
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home-based pulmonary rehabilitation in COPD PR program. Home-based PR is one of the possible responses proposed to pulmonologists (and general physicians) wishing to prescribe this type of management to their patients. Homebased management meets the needs of certain patients for various reasons: difficulties getting around, lack of motivation to attend group rehabilitation and/or attend an inpatient or outpatient center, transport problems, distance from the nearest PR center, disruption of everyday habits, duration of the program, etc. 3, 5, 8, 53, 54 
Conclusion
In conclusion, home-based PR for patients with COPD is effective in terms of exercise capacity, anxiety and depression, and quality of life in short term, medium term (6 months), and long term (12 months). Home-based PR constitutes an alternative to outpatient or inpatient rehabilitation and may facilitate the development and improve the accessibility of PR to a greater number of patients all over the country. In addition to exercise conditioning, TPE and self-management (behavioral approach, motivational interviewing, acceptance of the disease), which correspond not only to the definition of PR, but also to the assessment of exercise capacity by means of field tests and short quality of life questionnaires, can now be fully performed at home by a motivated cross-disciplinary team trained in this form of global management.
